Military conflicts of the late XX -early XXI centuries are characterized by the use of a large number of new weapons, which allowed the enemies to distance themselves as far as possible from the direct collision with each other. Unmanned aviation complexes, which during the military conflicts proved their ability to conduct air reconnaissance, damage objects and perform other combat support tasks, became one of the newest examples of weapons on the battlefield. The possibility of successfully solving of various tasks with the help of unmanned aviation complexes was demonstrated during the military conflicts in the Middle East , the Balkans (1999), Afghanistan (2001Afghanistan ( -2008 and the Caucasus (1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008). Nowadays, there is a large number of diverse literature about using unmanned aerial systems during armed conflicts over the past decades. However, the only approach to assessing the effectiveness of using unmanned aviation complexes of special purpose in known sources has not been developed. In this article, the authors proposed indicators and criteria for assessing the effectiveness of using unmanned aviation complexes of special purpose. During the research authors were using the basic provisions of the theory of complex technical systems; method of expert assessments; the method of analysis of hierarchies, methods of multidimensional comparative, general scientific and structural-functional analysis. The indicators and criteria for evaluating the effectiveness of using of special purpose non-pilot aviation complexes, which were proposed in the article, can be used to evaluate the information obtained with equipment operating in the mode of fixed and continuous shooting of individual areas. The indicators proposed in the article can be used for comparative evaluation of several unmanned aviation complexes of special purpose, that allow to assess the level of technical perfection of unmanned aerial systems and choose the most perfect for the implementation of a specific type of task. K e ywor d s :
Introduction
The rapid development of the unmanned aerial vehicles (UAV) of various purposes and the variety of their types makes it necessary to assess the effectiveness of their application. The literature offers many indicators (criteria) that will allow to compare the same type of UAV to show their advantages and disadvantages. But they are all ambiguously evaluated by experts, that force researchers to look for more options of practice. Consider one of the options based on the principle of evaluation "productivity-costefficiency" at a given level of object identification the of exploration (general idea, definition of type, size, characteristics, etc.) [1] [2] [3] .
The comparative assessment of the aerial vehicles (AV) is an important practical task. The necessity to compare two or more samples appears: while evaluating their combat properties; while choosing a better sample for any indicator; at the procurement in the arms market and others.
It is necessary to analyze many qualitative indicators or criteria, that have different physical nature (technical data of the aircraft, data of its power plant, onboard equipment, the cost of the sample as a whole or its individual components, design, etc.).
The purpose of this article is to develop indicators and criteria for assessing the effectiveness of an unmanned aeronautical complexes use.
Presentation of main material research
It should be noted immediately that the performance indicators for reconnaissance and striking AV should be significantly different as they evaluate the different qualities of these vehicles, therefore, the partial indicators for them should be different. At the same time, even for the same type of AV, it is not always possible to use the same indicators, because they can vary in flight technical characteristics, the level of equipment, devices of provision. However, in some cases, it is possible to differentiate groups (for example, reconnaissance complexes) by some common features and find common indicators for them, useful for comparative evaluation.
Modern UAV assigns more complex tasks, in particular, observing the battlefield: for the movement of troops and military equipment, observing the identified important objects, adjusting their coordinates, determining the results of the task of strikes against the enemy. In this case, the trajectory of the flight may have a more complex profile ( fig. 1 ): reversals in horizontal and vertical planes, bends, height set and decrease. In this case, the trajectory can be repeatedly intersect. While searching for single targets, the trajectory may have the shape of a loop to fly a given boundary or consist of two parallel lines in the search for a point goal, and etc.
In addition, many optical systems on modern UAV have variable fields of view: a wide field of view is used to search the contour of the intended target, also the angle of field view decreases and repeat enter on the target was performed for the more precise recognition. In this case, the width of the viewing band B decreases, the viewing area is also reduced.
In the future, under the area of intelligence, we will understand S eq = BVt. Since we do not interested in physical space, it is determined in flight in the general case
If you represent the viewing angle of the camera in the form of a spotlight, so S will be the trace of this spotlight on the earth's surface while performing any reconnaissance maneuver. Such a "spotlight" should "light" while looking for any purpose: point, linear, plane, leaving behind a trace in the form of an equivalent area. In this case, the value of B can change (for example, while performing repetitions on a target) and it should be taken into consideration while calculating the area.
Reconnaissance flights are usually carried out by scanning the terrain at a certain altitude in the given lane and the given depth. To simplify the problem we will consider the flight of the constant aerial vehicles (with the constant speed).
The height of the flight was determined by the capabilities of the reconnaissance equipment, the characteristics of the aircraft itself, and also depends on the possible aerial vehicles to the enemy air defense, meteorological conditions, and etc. At the same time, one of the main requirements to altitude is the exclusion of damage to the UAV by simple devices: artillery and weapons and anti-aircraft missile systems. The bandwidth of the seizure of the terrain B is determined by the angle of the field of the camera view 2β and the flight altitude Н:
In addition, successful photography depends on the resolution of the equipment, the illumination of the target, its reflecting properties, radiation diffusion, and etc. Obviously, with the increase in the distance of the optical system lens from the target and the increase in field of view, the level of detail of the shooting decreases.
The main task of comparative analysis is to select a better sample from some set of alternatives. Therefore, the primary task of the analysis is to determine the indicators for the comparative assessment.
Proceeding from the above, the quality indicators of the reconnaissance UAV should take into consideration [1] [2] [3] [4] [5] [6] [7] [8] :
-flight characteristics of the aerial vehicles, its maneuverability;
-feature of taking off and landing; -parameters of the intelligence equipment (fields of view and inspection, providing the necessary resolution on the ground, etc.); -types and data of weapons (for striking complexes); -operational characteristics (durations of different types of preparations, time of coagulation and deployment of the complex, etc.); -the cost of the complex; -the efficiency of the task. Based on the objectives, you can outline the effectiveness of combat use. According to the authors, indicators in the first approximation can be used the following.
1. The productivity of W search. According to the big amount of authors, the search performance of the reconnaissance UAV can be quantitatively quantified by the magnitude of the area being revised per unit time [1] [2] [3] [4] [5] [6] [7] [8] . The average value of this indicator can be obtained from formula (1), dividing its right and left sides at time t:
where V is the average flight speed, B is the bandwidth of the camera, t is the time of the reconnaissance. Modern optoelectronic systems (OES) have several angles of view field: narrow, wide, intermediate. Each of them has its value s 1 . In addition, the corners of the field of view may be unequal ( fig. 2 ) for the azimuth (2β 1 ), and the angle of the place (2β 2 ). As a result, the linear dimensions of objects reproduced by the OES will also be uneven in the direction of В 1 and В 2 . By the analogy with formula (2) we will have В 1 =Н 1 (2β 1 ), В 2 = Н 2 (2β 2 ). Because usually, the flight altitude H is substantially larger than the linear dimensions of the site, it is possible to take Н 1 ≈ Н 2 ≈ Н. However, at small angles, instead of the height of Н 1 , it is necessary to take a range.
Given the above, the size of the shooting area
As can be seen from formula (4), s 1 increases with increasing height in proportion to its square, but thus deteriorates the degree of the image detail on the screen of the receiver. At some height, the detail reaches the critical one, after which the observed objects become indistinguishable.
While searching for different objects, there is not using the angle, but the linear resolution d (detail), which allows you to find the kind of the desired target. The less detail d, the clearer the image on the screen. Therefore, for the exploration of small-scale targets, the linear resolution of the OES should be as small as possible (and therefore better). Specialists in the United States have developed detailed requirements that should ensure the identification of typical objects with a certain degree of clarity (table 1). Moreover, the clarity is characterized by five signs [7] : 1. Detection is the localization of the desired target, determining its coordinates.
2. General identification is defining the target class.
3. Accurate identification is defining the type of target within the specified class.
4. Descriptive identification is the identification of the configuration, the size of the target, its constituent parts.
5. Technical analysis of the object is determining the membership, the most probable characteristics, specific features.
For example, if the optoelectronic system has a linear detail of d = 4.5 m, then it can be established and this object will be similar to an airplane, at d = 1.5 m it is possible to detect the type of this aircraft, and at d = 1 m to get more accurate information about the aircraft (its affiliation, destination, etc.). Thus, the value of d is determined by the specific task of the intelligence. By analogy with formula (2), it is related to the angular resolution due to the flight height:
The formula shows that at 2ω=const the linear resolution is related to the height proportional to the relationship. As the height increases, it also increases the image on the screen worsens and the object will be indistinguishable. For this reason, the maximum height of intelligence is limited. Consequently, in order to obtain conditional photographs, the flight altitude must be as low as possible. Substituting the value of height from (5) into the formula (4), we obtain an expression for determining the site
where
k os is the coefficient of the optical system, i.e. its integral characteristic. It combines the viewing angles and the angular resolution of the optical system. The better resolution (less than 2ω) and the larger viewing angles of the system, the greater the coefficient, and, consequently, the larger area will be removed with a given detail of the object.
Knowing the value of s 1 , the total exploration area ∆S and the coefficient of its overlapping k overlap , it is possible to calculate the required amount of information in the number of required images (8) and the average speed of the snapshots
Obviously, the value of ∆n is proportional to the amount of primary information that necessary to be preserved and/or transferred to the ground (to the control point or to another consumer).
The cost of UAV. It is accepted to evaluate it on several indicators:
-an initial cost of complex С 0 ; -cost of exploitation С operation ; -the cost of the flight hour С fh ; -the cost of shooting a plot of area s1 of a given area C s1 ;
-the cost of the reconnaissance flight is the С rec . Initial cost consists of the cost of developing and manufacturing a glider AV with all onboard systems, is an average cost for 1 hour of operation, t res is the flight resource of AV. If the predicted (statistical) number of combat missions is N, then the actual resource can be estimated approximately as t res =Nt max , where t max is the maximum flight duration.
With these assumptions, the total cost of a complex can be estimated in the form of an amount
One of the most important indicators for the comparative estimation of UAV is the cost of the flight hour. It can be estimated from the sum of the initial cost, the maximum flight time t max and multiplicity of application is the number of takeoffs N:
The denominator in this formula defines the flight of the AV for the intended lifetime. We will now determine the cost of the UAV flight. If the probability of fulfilling the task with taking into consideration all possible operating factors (performance of equipment, radio indication, overcoming the enemy's air defense, the possibility of destruction of anti-aircraft devices or aircraft of the enemy, etc.) is equal to р enemy , then the cost of such a flight will be estimated by the magnitude
The value of С s1 can be determined by the flight time and the cost of the flight hour. Indeed, while shooting a site s 1 ( fig. 2 ) AV passes the path В 2 = =Н 2 (2β 2 ).=V∆t 1 . Hence the time of the passage of this site
.
Obviously, this indicator will be one of the most significant. It responds to a specific question: what resources should be spent to identify a specific target (for example tank, aircraft, etc.) that can be located on a site 3. Efficiency. The success of intelligence depends, basically, on the obtaining time information and its quality. As you know, the total flight time of the reconnaissance UAV consists of the execution time of individual stages: preparation of the UV before departure; flight to the exploration zone; conducting own intelligence; processing and storage of data (if necessary); data transmission to the control point; processing and data transmission to the consumer.
The value of t characterizes the efficiency of obtaining information from the intelligence officer. In some cases, time t can be no less important than the cost of the complex. Time of passage to the intelligence zone can be roughly calculated as t zone = L /V + (2...3), where L is the separation of the exploration zone from the start point, V is the flight speed. It can be selected depending on the task: either maximum or cruising. 2 ... 3 min is an amendment to the time for the acceleration of the AV and set of altitudes for intelligence conducting. The time for conducting intelligence t int can be determined in two ways:
-for the purpose of the route and flight profile by conduction of engineering-navigational calculation;
-at the task of the area exploration by the formula (3) t int = S/W. If the intelligence conduct with the overlapping terrain, then the result will be multiplied by the overlap factor.
In the case of an arbitrary flight, the time of intelligence is determined by the fuel reserve t int = m fint /q ч , where m fint is the supply of fuel for performing intelligence (with the exception of all regulated residues), q h is the hourly fuel consumption.
The usual time of information processing repeatedly exceeds the time of its receipt with the necessary detail, and the obtained data have to be saved if their transfer from the board to the ground in real time does not have time to be processed. On the first intelligence UAV, the information was stored on the board drives and processed after the flight. Naturally, the operational value of such an intelligence left much to be desired.
If during the performance of the reconnaissance flight the task was not viewing a certain area, but to identify targets for some other features, then the total area can be calculated as S = ns1 in a certain zone.
Conclusions
Thus, the criterion of cost С s1 will be the same for both discrete and panoramic images.
The proposed indicators W, С s1 and t correspond to the categories "productivity -cost -efficiency". They can be used to evaluate information obtained using equipment that works in a mode of fixed, continuous shooting of individual areas. These indicators can be used to benchmark several intelligence systems.
The direction of further research should be considered the development of a mathematical model of the functioning of unmanned aviation complexes under counteraction conditions.
